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THE EFFECT OF AN ANTITUBERCULOSIS SERUM ON
THE DEVELOPMENT OF EXPERIMENTAL
TUBERCULOSIS OF THE SKIN
ROBERT M. THOMAS AND F. DURAN-REYNALS
During the course of experiments dealing with the effects of the
spreading factor of testidce extract on experimental tuberculous
infection, it was found that when testicle extract was added to the
suspension of tubercle bacilli used for infection a marked increase
in the size of the skin lesion resulted. With reduction in the num-
ber of infecting organisms the lesions were reduced in intensity, but
their area remained approximately the same. Duran-Reynals2 had
observed that the injection of a small amount of antipneumococcus
serum was effective in inhibiting the skin lesions following the injec-
tion of pneumococci when the spreading factor was employed, but
not when saline solution was substituted as the injection menstruum.
Attempts to reproduce this effect with an antituberculosis serum were
made and the results are outlined in the following report.
Materials and methods
The antiserum, No. 5807, was prepared by Sharpe & Dohme, Inc.
over 20 years ago. It was produced by the injection of a horse with repeated
doses of living tubercle bacilli. The antibody content of this serum has been
studied by Heidelberger and found to be almost entirely composed of antipoly-
saccharide antibody.3
Two strains of tubercle bacilli have been employed: the human strain
H37 and a bovine strain, No. 4717, obtained from the American Type Cul-
ture Collection. Following intradermal injection in rabbits, the H37 strain
produces severe skin lesions which heal after several months. Spread of the
infection to the viscera does not occur. On the other hand, the bovine No.
4717 produces equally severe skin lesions accompanied by a spread of the
infection to the neighboring lymph nodes and with involvement of the lungs.
The testicle extract was prepared according to the method of Claude and
Duran-Reynals' and kept as a dry powder, from which solutions were pre-
pared for immediate use.
The activity of the serum in altering the course of experimental skin
infections was tested by injecting into the skin of mature rabbits and guinea-
pigs mixtures containing serum, testicle extract, and tubercle bacilli. This
was controlled by injecting similar mixtures containing normal horse serum.YALE JOURNAL OF BIOLOGY AND MEDICINE
The three factors were mixed immediately prior to injection. The effect of
varying the relative quantities of each component was studied, as well as was
the effect of removing the antibodies from the serum by preliminary absorp-
tion with a polysaccharide antigen.
Results
The effect of serum No. 5807 on primary dermal infection of rabbits
wsith the H37 strain of human tubercle bacilli.
Skin infections with human tubercle bacilli were induced in a
number of rabbits. The plan of the experiment was as follows: A
stock suspension of H37 tubercle bacilli, containing 2.0 mg. of
organisms per cc., was prepared. A portion of this suspension was
TABLE 1
COMPARISON OF 37 PAIRED LESIONS INDUCED IN 15 RABBITS BY MIXTURES OF H37
TUBERCLE BACILLI IN EITHER NO. 5807 SERUM OR NORMAL HORSE SERUM.
FIGURES ARE AREAS IN CMS. SQUARED.
With Testicle Extract
Normal
Serum No. 5807 Horse Serum
1.1 13.6
7.0 19.3
9.0 35.6
7.5 20.0
4.6 22.6
12.5 33.0
7.0 24.0
5.0 24.0
12.5 33.0
11.0 33.0
2.0 28.0
2.0 35.0
3.0 35.0
3.0 22.0
4.0 21.0
4.0 15.0
3.0 25.0
3.0 20.0
7.5 36.0
7.5 35.0
4.5 18.0
4.5 16.0
4.0 17.0
7.5 36.0
No.
19
20
21
22
23
24
25
26
27
28
29
36
37
Without Testicle Extract
Norma
Serum No. 5807 Horse Serum
1.0 4.0
2.0 6.0
1.7 7.5
2.0 6.5
0.2 3.0
2.0 6.0
1.7 8.5
2.0 6.0
0.2 3.0
0.2 3.0
1.7 6.0
0.2 3.0
0.5 4.5
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
30
31
32
33
34
35
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mixed with an equal volume of either the No. 5807 serum or with
normal horse serum and a thirdequivalent volume of testicle extract.
The mixture was then injected into the skin of the flank. Decimal
dilutions of the tubercle bacillus suspensions were likewise prepared
and the dosage varied from 1.0 mg. of bacilli to 0.001 mg. Usually
three injections were made on each flank, one of 1.0 mg., one of 0.1
mg., one of 0.01 mg. The mixtures containing antiserum were
injected on the left flank, the control mixtures on the right. The
developing lesions were examined at frequent intervals, and outline
tracings were transferred to records. The size of the lesions was
determined from these with the aid of a planimeter.
In Table 1 the average size of 37 paired lesions observed in 15
rabbits is recorded. In each instance the conditions of the control
and experimental injections were alike save for the difference in the
sera employed. Comparing the average areas of the two groups, we
find a ratio of 1:4.7. The control lesions were more severe, fre-
quently showing central necrosis and ulceration, while the experi-
mental lesions tended to remainas firm tumors with little evidence of
necrosis.
Theeffects ofNo. 5807 serum on the course of skin lesions in rabbits
after a preliminary absorption of the serum by tuberculo-poly-
saccharide.
In orderto certify that the effects of the serum on the skin lesions
were due to the polysaccharide antibodies, two portions of the serum
were absorbed with carbohydrate fractions of the tubercle bacillus.
This procedure was carried out for us by Dr. Michael Heidelberger.
Two carbohydrate fractions were employed: a high-rotating fraction
(520-C original) and a low-rotating fraction (520-B2-aI). Sub-
sequent tests of the sera with the antigens showed them to be com-
pletely absorbed, although after absorption with the high-rotating
carbohydrate the serum still reacted with the low-rotating fraction.
The activity of these samples of absorbed serum was compared
with that of unabsorbed serum and with normal horse serum,
according to the same technic employed in the first experiment. The
results were unequivocal; they showed that the absorbed sera had
no inhibitingeffect on the development of the skin lesions, and could
not be differentiated from normal horse serum in this respect. The
unabsorbed serum effected a reduction in the size of the lesions, as
in the first experiment. It was evident that the activity of the serum
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was due to its content of polysaccharide antibody. No significant
differences were noted in the activity of the sera absorbed with the
high- and with the low-rotating carbohydrates.
The effect ofNo. 5807 serum on primary dermal infection of rabbits
wsth vsrulent bovine tubercle bacilli.
Although the serum was originally prepared by immunizing a
horse against living human tubercle bacilli, the antibody is not speci-
fic for polysaccharides of human type; it reacts in vivo with poly-
saccharides derived from bovine tubercle bacilli as well. In order
to determine whether this lack of specificity was manifest in the
action of the serum on skin infections, a group of rabbits was injected
with serum-bacillary mixtures containing virulent bovine bacilli
(strain No. 4717).
Five rabbits were inoculated intradermally with 1.0 mg. of
bovine type bacilli mixed with 1.0 cc. of No. 5807 serum and 0.5 cc.
of testicle extract. On the opposite flank a similar injection was
made, using normal horse serum in place of the antiserum. For
comparison, S additional rabbits were similarly treated with H37
bacilli.
The results were entirely similar to those obtained in the first
experiment with the human strain; the addition of the antiserum to
the infecting mixture resulted in a reduction in the size of the lesion
to a fourth or a fifth of those observed after the control injection.
These results are entirely in keeping with the lack of specificity
exhibited by the serum in vivo.
Six weeks after the injections the animals were examined to com-
pare the extent of the spread of infection in the two groups. The
rabbits infected with the bovine type organisms showed caseous
regional lymph nodes and a widespread and massive involvement of
the lungs; those infected with the human organisms showed a slight
involvement of the regional nodes and only an occasional small
tubercle in the lungs. In fact, in the latter group the tuberculosis
was negligible in comparison.
The effect of the No. 5807 serum on primary dermal infection of
guinea-pigs with H37 tubercle bacilli.
The guinea-pig differs considerably from the rabbit in the mode
of development of tuberculous infection after either cutaneous or
intraperitoneal injection. The development of regional tubercu-
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losis is more marked, and the lesions at the site of the original injec-
tion are somewhat less proliferative. It was considered of interest
to determine whether or not the antiserum would exert an influence
on the course of the infection in this species.
Six guinea-pigs, weighing from 380 to 480 gm., were injected
intraperitoneally with 0.1 mg. of H37 tubercle bacilli suspended in
1.0 cc. of No. 5807 serum; a second group of 6 pigs received the
same dose of tubercle bacilli suspended in normal horse serum. A
group of 4 was injected intradermally with bacilli suspended in No.
5807 serum, and 4 more with organisms suspended in normal horse
serum. Testicle extract, 0.5 cc., was added to the mixtures for skin
injection.
At the end of 6 weeks the visceral tuberculosis in the animals
injected intraperitoneally was widespread and of equal extent in the
two groups. The animals injected intradermally showed some dif-
ferences in the local skin lesions. The group injected with the No.
5807 serum suspension exhibited somewhat smaller lesions which
were characterized by the development of small satellite nodules
around the central lesion. These nodules did not undergo softening
and ulceration, but remained as firm masses. The involvement of
the regional lymph glands in the two groups appeared to be similar
in extent. In comparison with the marked differences seen in the
skin lesions of rabbits after the use of antiserum, the results in the
guinea-pigs were much less marked. How much of this may be
attributed to the differences in the anatomical structure of the skin
and subcutaneous tissues in the two species is not known, but the
difficulty in obtaining dispersion of injected materials in the skin of
guinea-pigs is in contrast to the rapid and easy spread which occurs
in rabbits and suggests that anatomical variations play a part.
The effect of the antiserum on the reaction of previously infected
anmmals to re-infection.
Tuberculous rabbits and guinea-pigs were re-inoculated with liv-
ing tubercle bacilli suspended in No. 5807 serum. The injections
were made intradermally. The reactions were severe, reaching a
maximumwithin from36 to 48 hours,andpersistingforsomedays as
firm raisedtumors with central hemorrhagic necrosis. They differed
in no way from the reactions elicitedby the injection of like numbers
of tubercle bacilli suspended in saline solution. In the rabbits, re-in-
fections were carried out with both human and bovine organisms,
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depending on the type of organism originally used; there were no
essential differences in the reactions in the two cases.
Attempts to demonstrate passive immunity.
Each of 3 rabbits received 3 daily intravenous injections of 5.0
cc. of No. 5807 serum. On the 4th day they were inoculated intra-
venously with living tubercle bacilli, strain H37. Three other ani-
mals were injected with normal horse serum in a similar fashion and
inoculated with the same suspension of H37 organisms. Six weeks
later the animals were examined. There were no significant dif-
ferences in the extent of the disease process in the two groups.
Discussion
The No. 5807 serum was effective in reducing the rate and
extent of the development of tuberculous skin lesions. This prop-
erty of the serum was exhibited only when injected into the skin
together with the primary infecting inoculum. Passive transfer of
immunity byparenteral injection of the serum was not demonstrable.
These observations suggest that the serum, to be effective, must be
present in high concentration and in intimate contact with the organ-
isms at the time and site of infection. While the seruim was one of
the most potent antituberculosis sera so far tested, its antibody con-
tent was very low in comparison with a potent antipneumococcus
serum, for example.
It is ofinterest that the antibody in the serum was almost entirely
of the antipolysaccharide character. To date examinations of
the purified tuberculo-polysaccharides have thrown little light on
the part they play in the development of tuberculous lesions.
The rOle played by the spreading factor in these experiments
was that of a passive agent which literally spread out the reactions in
the skin so that ready observations and comparisons could be made.
Tests of the activity of the serum in the absence of testicle extract
showed that the degree of inhibition of the lesions was the same as in
the experiments in which the extract was used. By greatly amplify-
ing the reactions, however, the differences became much more
pronounced.
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